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7 ] (a) iff gam i <Dmm&Mt.t&mn i fcmasep 

(c) f&iBfg 1 © 5£iS£ffiJS © & S v \ i&fBfg 1 © & SSttJS £ <£ tftif ISffl 2 © 

tc & & v * a Msa^ 2 # tuiam 1 mnm iz mm & u fe rs ic# & 

t'feoT, itrSBfUl ©BHKtttffcifffBflSl ©ftSil©0iC, &<5v%&BoiBSHl 
i»#ic, *«v>ttftriHm20gft«tt*i:«ria*2©#«»i:©raK: 

[$6f8©iNM&§£i8] 
[0001] 

[0 0 0 2] 
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«fc y*&£&*fc#>f ^©MRAMtfflf^StlTV^ (##£iK2) „ Zl*ie>tf>IB 
m^>f XlCttMR^b^2%^S©^ttMR^ (AMR) Sr^-TNiFeM 

[0 0 0 3] 

j£ (GMR) Sr^-Tdil^BStl ($#i«3) , GMR^&ffiV^itMRAM 

8ttRJ:y)*6GMRKtt, *tftMR«fl;J(i^tt©0, AM Rigid Jt^* 
£ PP 5: £ L , :* £ &fi#SBIi;& Zfm& ffi b ttft 18HB& 

[0 0 04] 

_fcSB©^^MGMRmiC*f LT, *^SGMRKt bT liX tT> A/l/^ 
(##:£jSK6) #&y, Zltl^«AMR]^i:|^#(D{S^|?.T*, AMR 

#14 (NDRO) IrftSIil^ttiCT^S (*««7) . 
[0 0 0 5] 

Jim©GMRK©*lKttJBa:Cu^t©##IflS-C»«^ #lKtt*K:Al 2 0g3s©itt 
*RfeffiV^b>*^aGMRR (TMR) tf>$F2St>^A, £ & *J , I0TMRH 
M Va feM R AM =foii|g$ tlT § 0 
[0 0 0 6] 

GMRRT*RffiK:Sif^«»&«&bfc*^©MR»:SI (CPPMR) ©##R 
ffiWKl«»S:i«bfe»^©MRS&* (CIPMR) «fcy*^v^fc36i«»fe*iTfe 

y, 35tcTMRBitt>f >tf--3f>^««iefv^i: «ky. «fcy*£fcffl##SB#an 

So 

[0 0 0 7] 
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[0 0 0 8] 

[0 0 0 9] 
[0 0 10] 

iBi<z> e s v^ it 7? x *?mit iz <fc u fe§g $ ti s c 

[0011] 

[0 0 12] 
[US £ «?^"T S «> ®^«] 

fcis«a^»«mair*Mffi«7 : /t >r * & n^-r s % © t* & s . 

[0 0 13] 
[0014] 

HJCi3V*T(¥)«K«ttfl|HM (1 1) . MJINM (1 2) , ^ttl^S 
M (13) J:y/S*MRfR^8Bfc«l!Mt#S (14, 15) JCS^S*!, 
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zmf&vT^&a mv<mmfcT~Mi&ztiz>v- f^w a 7) &mmmi (1 

[0 0 15] 

mm^-it^nmizN d r o ^ origr^ m^is© u ^ v^i«MiHM;g: 
# s m <D$mji \znm -? 5 mmm Hh ^ ^ m v m h s©zio tf&m & -5 „ 

[0 0 16] 

sfti^M (19) tt^MttiAF (is) txi^btfcy, t7-K^mm 

(^t?ir>^^«^) lz£^Tm&'?ZWiR-Vlzmt&.misl*:'f. #^-f4MNM 
(12) T^^lC^H^tlfe^SJ^SM (13) V>frtfmitfiL1&-*Z>o 
[0 0 17] 

O Sit & £ i&fcjKifg L ^ V %fg o -eg&f^Mai fct > T'$)S. 
[0 0 18] 

dtl^MR^ (CPPMRi^>f^) 0 2 IC^ b £ «fc t> Mf #miC@E 
fit" *U£M R AMf/U X *l& . 

[0019] 

^miCgBSi-^l^, 03 (C^-Ti;^^C I PMR^$:fflVNS^lCti, # 

M R Jfc C T* % M R A M £ b T <D S / N 1±{£T "t S £ # X. tl 6 0 
[0 0 2 0] 

ZLtllZftLT. 0 2(C^tiei*CPPMRi?S:Mv^cMRAM{i, 0 1 (a 
[0 0 2 1] 
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[0 0 2 2] 

#ffi*W:H4 (a)tca*bfc#ic, y-F^w (17) fcyt/i/^msfc&ifcu MM 

[0 0 2 3] 

ffif«©«*mbttt7- K*K:SS*a5A^€:«EU ItttttRSM (13) <D H 

U" 1" , " 0" ©ffi«3KJ»S:»Ba-r*- 
[0 0 2 4] 

[0 0 2 5] 
[0 0 2 6] 

H5ttHl (b)©AF^bT>y^^S!ffi«3R : ?-CD»f^JK3aT*»S. ttttfiCMtt 
(18) t^M^bt, *©»fttt-:#fa.Ctf>jL*&;!^TV* 
So t7~Ki»W (17) lzm,-tmffi><Djj\*l$:$£%.Tmi&&mSM (13) 
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[0 0 2 7] 

j^&sRsa-rs. ^oTr©»-&»ia»snfefli«tt«*sti*a>^NDROtt0i 

[0 0 2 8] 
[0 0 2 9] 

tc3c>©ffi&fH«t-&r£#^£%©-e&£ 0 i^ffibtt^- kirk:— 2rfaK: 

[0 0 3 0] 
[0 0 3 1 ] 
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[0 0 3 2] 

, m) #^©m^icacia-t§ 2*<»y- Fmzmw-mxzffiL. mv< (n, 

[0 0 3 3] 

^ t>^^S:S^LT, (N, M) #Jfe(Z)fBitlii^£il#*-r £ r £ 

$> Z> v ^ fcfcKI**^ @ # ##*f Sfc m^«ffi#tt & ^ L T v * S £ #S * .b v \, 

[0 0 3 4] 

S^^J^^(Z)^^$:{£^$i±S^«)tC, (N, M) #^lC>y-bTl^# 

zz\n&&£ bv^ 

[0 0 3 5] 

®/£Jf (1 1&-5VN&19) O^MiMiltttt, Co, FefifcfcjXo-Fe.Ni-F 
e,Ni-Fe-Co^£^©^#^*iTV^ 0 #{CCo % Fe£ k&Co-Fe-£:&#:*:^fcMR 

it$r#£GDic&v^^#ft&ttJg (12) ^<z)#®ic, ^ti^&ffiv^z: ii^SI* 

[0 0 3 6] 
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mfeM (1 1&3W*1 9) 0ift«ttIilL'rttMFe 2 O 4 (MliFe,Co,Ni 
V%m&*jFL. Fe-^ich^cJt^Co,Ni-rich^^?)TSm^lSV^ 0 XCo-rich&^ 

[0 0 3 7] 

i^!3 (D^©^ttlnmJ^_hl0nmJ^T7bW* LVa„ 
[0 0 3 8] 

-tzzhizzv m&m 1 z * & r £ # t- # #fs^ ^ & & & & 

o — #«Brj-&4fc* CD N i -Mn , Pt- (Pd) -Mn^ tt&fitf t <Dfe&><D mt&mtfi&mX' $>2>tf 
. m&l3cl£mzmftX&*). #&CPt-Mn##£LV\, ;i:fc^ffc#>lgl£LTtt, a-F 
e203^NiO, 2bZ> V^£LT0 3 (U±Ce£|& < #±^5r5ii£^ U TttFe, Cr % Mn, Co& 

[0 0 3 9] 

si tc^L/fc?^^m^c7)ga« (i3) nvx—mizit, m-co-Fe^^ 

m\sT\,^Z> B Ni-Co-FejgCDM^M^JtilbTli, Ni x C 0y Fe 2 
0.6^x^0.9 
0^y^0.4 
0^z^0.3 

©Ni-richC7)^ttm. %b<«U Ni x ,Co y ,Fe 2 , 
O^x' ^0.4 
0.2^y' ^0.95 

ODCo-richjlg&MvtSOtfgS 
[0 0 4 0] 
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[0 0 4 1 ] 

mJ^±7nmJ£*T#J:V^ 
[0 0 4 2] 

J^_h©^»^ll*e$>y, M*L<l±0.8nmJ^_b©jg^^ < l:v> o ^ffi&ttM©** 
[0 04 3] 

#&S^#ttS:tt5i^ (NL) $:BB-r-5r HtfMt. bV^ @7T'STMRi? 
^^fiibt, (M) -MMH (I) (S) ©M-I-SflKi(Z>%©, 

a«<fit#tt*«*y, v^ti*, ^j4 o oft£jLtK:;J3v*TttMR4*e 

ttJg*^£flMKf 5»#fc;mxTtt, a-Si^©i&3 0 0 KJKTTf^»HriB3&»» 
[0 0 4 4] 
[0 0 4 5] 

^-^fy hlCNi 0>68 Co 0 2 Fe 0 1£ («ttRSMfl!) , Al (#&tt*fi*ffNlU8) > C 
°0.75 Pt 0.25 (^l^HMffi) &#v\ , ^tc*^* 
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CoNiFe(15)/AlN(l)/CoPt(10) (# y Zl ftl*m& (nm) &^ft) 

(Dm^teffim^-zftmLfe. #M®Mnmm<Dkimz. (n 2 +ao #b^t*ai 

, MRJfc&26%T-&ofc„ MR*^CS^#iflgli5 Oe % 10 Oe^feofeo ^©^^ 

5 3 i: § S 3 1 ^to^o fc„ d©J:5&g^£/E^T> 01(a)lC^ 

M#«lgliCteAl&£V^;i:AuCi\ Ti/Au, Cu/Ta$:Mv>^ 0 SBttfi^ H V - FiG£ H <D 
ti&Wi \Z & CaF 2 & £ V% & S i 0 2 £ J§ V T V% £ „ 
[0 0 4 6] 

^ffcb (0 8(a)) , ^KZ^ttU <7- FfctCB 8 (b)©<J: 5 &m^7\°;i/* £ 
[0 0 4 7] 

cmmrnz) 

St^fcflHRbfc. MCNi Q>1 Fe 2 g 0 4 (^ffimSMM) , Al (#fti£*fi&Ji 

NMffl) % Ni 0 2 Fe 2 8 0 4 (i&ttJgMffi) , IrMn (igHfctU^ftfSAFffi) fcfl^T ( 

Ni 0.1 Fe 2.9°4 (5)/AlN(1.2)/ ^ 0m2 F e 2.%°A (10)/IrMn(20) (# y ZI |*f ttj|t£ 
(nm) 

R434££^, m«T^#100 0eT«£bfc£r5, MR.fcfckj:£<i:^24%T*&o £ 
[0 0 4 8] 
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^«m^C^iAuC^§:MV^fe 0 mmM^HV- Fffit ©i&liiCliSiO^M V%T ^«5„ 
[0 04 9] 

IC^bL (09(a)) , &JC-S>«»J V- K*BK:0 9 (b) CD J: ? £ ? - 

[0 0 5 0] 

m b fee PM. I»> Witt, -t*l-?*U 30-50nnu 300-400nm, 30-50nm"ef^^ b, 
JH^jRKlillX&ffofc. PIN^<D^tt^J180M^e>^260,g^f ofc (*M 

iWKmt^^^mm,m.um^^mhr^ 0 z-fv McNi 0 ^ g o 4 o»tt 

mSMM) , Al (#H84£ttMNMft) . Fe 16 N 2 (^ttJ^Mm) ZR^X (ffljfctt^ 
Ni 0.1 Fe 2.9°4 (5)/AlN(1.2)/ Fe 16 N 2 (10) 3ftliM$(nii)^t) 

©^^m^-T-sr^bfec kimzmmmKDjjmT'mMistc. ain 

1±*^v>ri:S:^i!ftLfc : fe©i:#^.e>ti<&o 01 1 (a)cD*aticflnxLTf£§gbfc 

[0 0 5 1] 
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[0 0 5 2] 

|g^(Z)^«m^m3?IB«m^^^-e^ r £ o fee 

[0 0 5 3] 

#ISifrWT?HU Fe 16 N 2 £^ifc^£LT;av>£#. FeN x (0.1£x£0.5), 2d£^ 
&FeMN y (0.5£y£1.0) (fc;£U ^ T'OMteTa. Al^lTo ) &MV*T*k 

[0 0 5 4] 
(£SJS«4)' 

HJfe^l £l^*illc#>7£;*>rW#^*&JBv^, 01 0>) ic^-T <fc e> &lg^3g#t 
^fef^Wbfc. *->fv ^^Ni 01 Fe 2>g 0 4 (^ttl^SMffi) „ Al (#^tt^M 
NMM) , Fe 16 N 2 (ftttflHUS) , IrMn (SfrftEHEfflHWJM) €:'ffiV*T GBJfctt^: 

Fe 16 N 2 (10)/A1N(1.2)/ Fe 16 N 2 (10)/IrMn(20) (# y =l|*fcj:J§t3 (m) 

) 

©^S^ffry-feflsSLfc. AiNtt|g|t#9i©^S?-em*bfe. Hie, r 

©±K:Al*fcfcJ:Cr*fettTiS«KU ^©_t&Ca-SHCTM-I-SM©^#»ig£fl 2 
$gbfc 0 Sjf* Itftt, -^tl^tl, >&50nm, 100-200n«KlTf^iSlbfe. MJItt1Z>:* 

*ffi*t»K:«!oTv^. M-i-s»ffi©^»tt*&i8oai^e)*&26oa!-effofc m 
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MRitiW;fe«i;^38;ST*&ofco Z.<D£gO)m&-ffimiZ> 5 ^ ? □ >#T* 

[0 0 5 5] 

J:oT^§gL£:Si0 2 &JBV>TV^o 
[0 0 5 6] 

JC^ffcL (09(a)) „ fcK^itV V- FftglCBfg (b)(D£o&mffi.JVVX*V- 

o 09 (c)tCat-r<fce>lC, IB1t##{C)SDT> ^bAV^^Lt^ffit^, * 
» ^©flSAS^SM**^^^^^ fc 3 £l tfi&fr o fee 
[0 0 5 7] 

[0 0 5 8] 

I?&^lLfc„ McCo (^ftmSMffl) „ CoFe («ttfflESMM) . Al (# 

M&mnmm , SrTiOg (#«tt*US) , La^ySr^gMnOg (^ftl^MM) &»V^ 
T Gffllfctt^T £■?■%) , Co(10)/ A1N (1.5)/ L a 0 .7 Sr o.3 Mn0 3 ( 30 > * 

CoFe(lO)/ A1N (1)/ SrTi0 3 (2)/ La Q ^Sr^gMnOg (30) (# v 3 Wtt^S (m) 
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««£mffi#tt««»SS«e IzM-tZ #Mffi 5: ^ b T v * & . Ui^-<Z>M R #14 & 
SJ«n8lfU00 OeT«bttr5, MRJttt^3«fc^30l 26%£M#&lC«V'>'fiIS: 

[0 0 5 9] 

SMWRtCttAuCrfcJI^fc,, ffiHiSR^ 4: C7 - K*Rfc®lft*K:ttSi0 2 &Mv*TV*S. 
flfrffcb (0 8(a)) , mz^&Vy-FmiZW8(b)<D£t>temffirtJV*$:V-\? 
2gi©MKif(j:Ifi: : b, lCT^bfc®8 (c)©i:e>^, ScHS 

[0 0 6 0] 

(Uli&M 6 ) 

•&f£§gbfc 0 Z-?v ^^Ni 0 68 Co 0 2 Fe 0 12 («ffiRSMj§) Al (#ft8f£*fi 
*NMffi) ^^^*©^^^ea«MHMmiCCo 0 g Fe 0 r Co, Co Q 5 Fe 0 5 & 

tt, Co o g Fe 0 r Co, Co Q 5 Fe 0 5 tf)|l[ff{C&oT^S. f^SSbfe^tt, 

Ni 0.68 Co 0.2 Fe 0.12 ^ 10 >/ A1N U- 5 )/ C °0.9 Fe 0.1 < 15 >/ AlN < 15 >/ Ni 0.68 Co 

0.2 Fe 0.12 (10)/ AlN (1 ' 5) / Co < 15 )/ A1N ( 15 )/ Ni 0.68 Co 0.2 Fe 0.12 (10)/ AlN 
(1.5)/ Co Q 5 Fe Q 5 (15) (#-/3ft&JiC;S(jim)£^-r) 

«^J:^-28^$>ofe 0 5 ^ ^ n>^fT$>ofe 0 

[0 0 6 1] 
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[0 0 6 2] 

KllSfrftkfc (012(a)) „ 01 2 (b)ic^f .fc^J&m^AVVXlCfcoT, 

mtt&mifi&#titiitz.t.ifi&fr^fc (Hi 2(c)) . ^Hffi*<z>3S»ffiUtt 

, ® i 2 (d)ic^-tj:^jc, Hiwrb-fSi^oM&tib, ^©tg^ic 

[0 0 6 3] 

m^ltftmVfc, %->f»J ^^Ni 01 Fe 2>g 0 4 (ttttKSMffl) „ Al (#^tt*6^NM 

JB) , Ni o.2 Fe 2.8°4 (^ttl^HMM) , ^LTJgtC Lio.Ol^O.SB 0, La 0.85 Sr 0.1 
5 Mn0 3 , La Q g5 Sr Q 05 Ti0 3 , SrTiOgfcJSV>T («Jfctt^TK-?%) flB&Ugm*^ 

[0 0 6 4] 

La 0 85 Sr 0 15 MnO 3 (50)/ SrTiO 3 (100)/ La Q g5 Sr 0 O5 TiO 3 (50) (*«f:/A) 
Li 0.01 Ni 0.99 0(50)/ SrTi0 3 (100)/ La Q >95 Sr 0>05 Ti0 3 (50) (*>f^B) 

Ni 0.1 Fe 2.9°4 (15)/ A1N (1 * 8)/ Ni 0.2 Fe 2.8°4 (20) ( * v 3 ^ * 
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[0 0 6 5] 
[0 0 6 6] 

izmtl, (®9(a)) *J V- FIB KB 9 (b)©J:e»^m^A;i/^$:C- 

[0 0 6 7] 
( JlJfcfll 8 ) 

*^S:f^»bfc. #->fy HcNi 0.1 Fe 2.9°4 («ttKSMffl) , Al (#NKt£*&M 
NMJS) , Fe 12 N 2 (igMlMffi) , IrMn (igftEnfEfflHMJI/B) £M^T (ffi^tt^ 

Ni 0.1 Fe 2.9°4 (5)/AlN(1.2)/ Fe 16 N 2 (10) /IrMn (20) (# y ZlftttJSS (m) £ 

©JlKlAlSrfiRttU -e©±Kla-SiK:TP-I-NM<Z)Jg^«FK&f^3SLfc. P-I-N^ 
©#»tij|&180ft)^e>*&260ft*??fjofe (Jft£EttK:tt*&220aD . 
[0 0 6 8] 

#SMfl;&ffiV*T, 256X256©^mjC^S:@BbfeMRAM-T r A>rx^^^L 
[0 0 6 9] 

r=. 0 mmm^nv- Fmt.<Di&mzizsio 2 &m^T^&. 
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[0 0 7 0] 

So 

[0 0 7 1] 

£0 8 (b)lC;mL£«fce>&m^Vl/X£, fr^ifi&Svni^MiSi©?- Ki&8&JB 
[0 0 7 2] 

[0 0 7 3] 

Zl<Z>££lCtiU iBlft^ffiU^^SnTV^Z: NDRotra 
[0 0 74] 

HJfeMl fcHIBK^TC*^* #$S«&#V*T, h JCNi 0.68 Co 0.2 Fe 0.1 

2 («tti*sM/8) , ai mm&mmmmm) , co 0 75 pt 0>25 (igmigHMM) 

J: v > hM y ^ # >f :/© 
CoFe(10)/AlN(l)/CoNiFe(15) y 3 ftfcU|C£ (nm) SrffT) ©iKSHSJft*^ 
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[0 0 7 5] 

T<Dk\m*. (N 2 + Ar) #H^r£T*Al&X/\°y #§gmLTf£§gb£:o JSJC v-f 

m% * -e e z m l ^ . ^ © jt ic con i Fe & mm l t m^-m onm & ftm 

Lfcc 3&fe#K*ttS/^^*--efliJ«rbT^J8Lfc. HMJg|<Z>CoPt£5&l&U it 
f©MR#ttl:i^ Sren&l^lOO 0et«lfcfc35> MRjt&±265U?&o£ 

o 

[0 0 7 6] 

MR*^^S^(lgtt5 Oe, 10 Oe-e&ofc, r ©h^O^-^ffi^tt, 5^* 

o 

[0 0 7 7] 

3©«ke>&gHir£«VAT, 01 (a)lc^bfc±c>&lBitJSi^£^§§bfc 0 
^.^M^mmiCttPt, Au£jgv>, t7- K^M^«I^^C^±Al$>SV^^iAuC^, Ti/Au 
, Cu/Tafcfljv*fc 0 ffi1*3j*y-fc t7- K»fc©J(ft*K:ttCaF 2 *S WiSi0 2 &M V>T 
V*<5. 

[0 0 7 8] 

jcflfrffci, (0 8(a)) , r^tc^iiyy-K^icaswocfc^^m^vi/x&c- 

[0 0 7 9] 
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5. 

2) A.V.Pohm et al.: IEEE Trans. on Magn. 28 (1992) 2356. 

3) M.N.Baibich et al.: Phys. Rev. Lett. 61 (1988) 2472. 
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[0 0 8 0] 

o 

[0 0 8 1] 

mi] 

[02] 
[03] 
[04] 
[05] 
[0 6] 
[0 7] 
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[H8] 

[0 9] 
[01 o] 

[011] 

*»W©*H6« 3 ©«l^0 
[01 2] 

[013] 

*»w©*as« 8 nw&m 

[*?#0>s&f8] 

1 1 ««a«lBlHMBI (H)£Jf ) 
1 2 #N8{£lftBIKNMIK 

1 3 tllffilSMl (gffiJS) 

1 4 mmm (-tyxm 

1 5 ^11 

16 JNtMgljR 

1 7 mmm (v- k») 
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